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Context 

•  Our paper reports on the outcome of the Open Archives Initiative 
Object Reuse & Exchange (OAI-ORE) standardization effort. 

•  In OAI-ORE, we have used Linked Data principles to address a 
problem that commonly occurs in contemporary scholarly 
communication: 

o  It used to be that the unit of communication was a paper; 
o  It used to be that the paper was held in your library;  
o  Now, a unit of communication is the aggregation of multiple 

items; for example: a paper, a video, a dataset, software, etc. 
o  And all those items are Web resources; 

•  These aggregations need to be unambiguously identified and 
described in order for them to be cite-able, reusable, … 
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Context 

•  The problem is known in the Digital Library community as the 
compound digital object problem. 

•  Several packaging approaches aimed at interoperability for 
compound digital  objects have been explored: METS, MPEG-21 
DIDL, IMS/CP, … 

•  OAI-ORE is the first to tackle the problem in a manner that uses 
the Web Architecture, and concepts from the Semantic Web and 
Linked data as its foundation.  



 
Adding eScience Assets to the Data Web 

LDOW2009, April 20 2009, Madrid, Spain 

Hubble optical observation 
Baltimore, MD Basic object information 

Strasbourg, France 
text 

2006 Astrophysics paper 

X-MM-Newton X-ray observation 
Vilspa, Spain Chandra X-ray observation 

Cambridge, MA 
A1795 

Aggregations in eScience 
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Aggregations in eScience 
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Pre-ORE situation 
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ORE Approach 

Aggregation

Resource Map

Describes

Provides Identity
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OAI Object Reuse and Exchange: The Basics 

Aggregation 
Aggregated Resources 
ore:aggregates 

Resource Map 
ore:describes 

Relationships and Types 
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It starts with some resources that belong together 

This resource has URI AR-1 

The resource has a representation 

HTTP GET 
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Introduce the Aggregation (mint HTTP URI A-1) 

This resource is an Aggregation; rdf:type ore:Aggregation 
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Express the ore:aggregates relationship 

Subproperty of dcterms:hasPart. The inverse is ore:isAggregatedBy 
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The ore:aggregates relationship 

This resource is an Aggregated Resource 

Aggregated Resources are just resources 
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Introduce the Resource Map (mint HTTP URI ReM-1) 



 
Adding eScience Assets to the Data Web 

LDOW2009, April 20 2009, Madrid, Spain 

Express the ore:describes relationship 
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The ore:isDescribedBy relationship 

The inverse is ore:isDescribedBy; subproperty of rdfs:seeAlso 
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Express metadata about the Resource Map 

This corresponds to metadata from the Linked Data recommendations 
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A Resource Map can describe a lot … 

This corresponds to the description, related descriptions, backlinks, metadata 
from the Linked Data recommendations 
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A Resource Map can describe a lot … 

The graph expressed by the Resource Map must be connected 
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But minimally it describes this … 

This corresponds to the description (minimal), and metadata from the Linked 
Data recommendations 
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OAI Object Reuse and Exchange: Details in slides 40-63 

Authoritative Resource Maps 

Expressing non-protocol-based URIs 
ore:similarTo 

Aggregated Resource is itself an Aggregation 
ore:isDescribedBy 

Proxy: Aggregated Resource in Context of an Aggregation 
ore:isProxyFor 
ore:isProxyIn 

Lineage of an Aggregated Resource 
ore:lineage 
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•  Version 1.0 released October 
17th 2008 

•  ORE Primer 
•  Atom Resource Maps 
•  RDF/XML Resource Maps 
•  RDFa Resource Maps 
•  HTTP implementation 
•  Discovery of Resource Maps 
•  Data Model 
•  Vocabulary 

•  Tools and Resources 
•  OAI-ORE Google Group 

http://www.openarchives.org/ore/toc 
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Several interesting experiments based on ORE 

•  Digital preservation of aggregations: 
o  http://www.ctwatch.org/quarterly/multimedia/11/ORE_prototype-demo/ 

•  Social curation of aggregations: 
o  http://african.lanl.gov/preserve/ 

•  Exchange of compound objects between heterogeneous repository 
architectures: 

o  http://journal.code4lib.org/articles/1062 
o  http://blip.tv/file/866653 

•  Desktop-based creation of rich aggregations: 
o  http://www.itee.uq.edu.au/~eresearch/papers/2007/IDCC07.pdf 
o  http://maenad.itee.uq.edu.au/lore/ 
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Early signs of adoption (1) 

•  ORE model is explored/recommended as the core model to deal with multi-
resource scholarly and cultural heritage assets in various high-visibility 
projects: 

o  OREchem 
o  NSF DataNet 
o  EU funded DRIVER 2, Europeana, EDLnet 

-  http://driver2.dans.knaw.nl/demonstrator/html 

•  Major institutional repositories (Fedora, DSpace, ePrints) implementing 
ORE. Oxford Universities’ Fedora: 

o  HTML splash page: 
http://ora.ouls.ox.ac.uk/objects/uuid
%3A12790621-14d6-41f1-8df3-0f944cf333e6 

o  HTML splash page has <link rel=“resourcemap” …> to Resource Map: 
http://ora.ouls.ox.ac.uk/objects/uuid:
12790621-14d6-41f1-8df3-0f944cf333e6/aggregation.xml  
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Early signs of adoption (2) 

•  JSTOR to bring Resource Map for its entire journal collection in production. 

•  Microsoft is developing technology that leverages ORE: 
o  ORE Word plug-in 
o  Research Output Repository Platform 

-  http://research.microsoft.com/en-us/projects/zentity/ 
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Demo: Writing papers (citing) leveraging ORE 

Structured bibliographic 
references 
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Set Up 

Resource 
Map 

Bibtex 

EndNote 

DC 
Typed as bibliographic 

Indication of bibliographic format  

Experiment conducted by LANL Digital Library Research & Prototyping Team 

Movie (no vox) at http://public.lanl.gov/herbertv/images/cite_no_manager.mov   
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Web-based authoring environment 



 
Adding eScience Assets to the Data Web 

LDOW2009, April 20 2009, Madrid, Spain 

Empty References section 
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Start editing 



 
Adding eScience Assets to the Data Web 

LDOW2009, April 20 2009, Madrid, Spain 

Select area where citation is needed 
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Use search engine to find to-be-cited paper 
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Got it. Remember Splash Page points at Resource Map 

Resource 
Map 
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Copy URI of Splash Page 
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Hyperlink selected area with Splash Page URI 
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Repeat for other areas that require a citation 
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Save it 

The Save process follows 
URIs searching for Resource 

Maps; structured bibliographic 
descriptions  
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Links to Splash Pages, References section inserted 
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References section completed 
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OAI Object Reuse and Exchange 

More Details 



 
Adding eScience Assets to the Data Web 

LDOW2009, April 20 2009, Madrid, Spain 

OAI Object Reuse and Exchange: Advanced 1 

Multiple Resource Map Serializations 

Authoritative Resource Maps 
e.g. HTTP 303 

Discovery of Resource Maps 
ore:isDescribedBy 
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Relationship between Aggregation and Resource Map 

•  An Aggregation is a Resource with a URI 
•  A Resource Map is a Resource with a URI 
•  A Resource Map asserts (provides identity for) and describes 

one Aggregation 
o  A Resource is an Aggregation due to an assertion by (at 

least) one Resource Map 
o  A Resource Map must have one representation 
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Multiple Resource Maps for an Aggregation; serializations 

Aggregation Graph shared by both Resource Maps. Also Proxies shared (later). 
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Multiple Resource Maps for an Aggregation; discovery 

Use ore:isDescribedBy to facilitate discovery of other Resource Maps 
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Multiple Resource Maps for an Aggregation; authoritative 

Authoritative: dereference of URI of Aggregation leads to Resource Map 
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Authoritative and. Non-Authoritative Resource Maps 

•  Authoritative 
o  Created by same authority (usually) 
o  Must be minimally equivalent (same Aggregated Resources 

and Proxies) 
o  Should assert mutual existence (ore:isDescribedBy) 

•  Non-authoritative 
o  Best practice is to not create them 
o  Assert your own Aggregation instead 
o  Use rdfs:seeAlso to assert relationship between two 

Aggregations 
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OAI Object Reuse and Exchange: Advanced 2 

Expressing non-protocol-based URIs 
ore:similarTo 
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The ore:similarTo relationship 

To express non-protocol-based URIs … 
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The ore:similarTo relationship 

DOI-1 connects the graphs 
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The bigger message re URI-A 

•  Mint a new URI-A for an Aggregation 
o  Use a HTTP URI 

•  And mint new URI-Rs for Resource Maps that describe the 
Aggregation 

o  Use HTTP URIs 
•  Do not overload: 

o  The DOI 
o  The splash page URI-S 

     by turning them into URI-A. 
•  Rather express relationships between those URIs and URI-A: 

o  URI-A ore:aggregates URI-S 

o  URI-S rdf:type info:eu-repo/semantics/humanStartPage 
o  URI-A ore:similarTo DOI-1 
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OAI Object Reuse and Exchange: Advanced 3 

Aggregated Resource member of another Aggregation 
ore:isAggregatedBy 

Aggregated Resource is an Aggregation 
ore:isDescribedBy 
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A resource is an Aggregated Resource is another Aggregation 

Use ore:isAggregatedBy to express membership of another Aggregation 
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An Aggregated Resource is itself an Aggregation 

Use ore:isDescribedBy to point at a Resource Map that describes that Aggregation 
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OAI Object Reuse and Exchange: Advanced 4 

Proxy: Aggregated Resource in Context of an 
Aggregation 

ore:isProxyFor 
ore:isProxyIn 
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Alice and Bob observe cats in Eve’s Lab 
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Alice and Bob observe cats in Eve’s Lab 
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Alice observes cats in Eve’s Lab 
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An agent merges information and gets confused 



 
Adding eScience Assets to the Data Web 

LDOW2009, April 20 2009, Madrid, Spain 

What did we mean by hasNext? 

•  Resource Map 1: Bob’s observation on 2008-04-02 is the next 
observation after Alice’s observation on 2008-04-01 in the sequence 
of observations in Eve’s Lab 

•  Resource Map 2: Alice’s observation on 2008-04-03 is the next 
observation after her observation on 2008-04-01 in the sequence of 
Alice’s observations in Eve’s Lab 
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Modeling a Resource in the Context of an Aggregation: Proxy 

•  Two components: 
o  The (Aggregated) Resource 
o  The context in which it is aggregated, i.e. the Aggregation 

•  In the Web Architecture, a new concept needs a new resource (and 
hence URI): we named it the Proxy 
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Modeling a Resource in the Context of an Aggregation: Proxy 

ore:proxyFor and ore:proxyIn to introduce a Proxy for an Aggregated Resource 
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Alice’s observations in context 

hasNext expressed as a relationship between Proxies 
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Citation to a resource in a specific context 


